Introduction
Prostate cancer (PCa) is one of the most common malignancies and a major leading cause of cancer-related deaths in males. Approximately 1,111,700 new cases are diagnosed and roughly 307,500 deaths occur annually, ranking the second incidence and the fifth mortality worldwide. 1 Early localized PCa treated with radical prostatectomy or radical radiotherapy can receive an excellent prognosis, with a 5-year survival rate over 99%. 2 However, 25%-50% patients will experience biochemical recurrence after radical prostatectomy, which is associated with a high risk of distant metastasis and death. 3, 4 Androgen deprivation therapy (ADT) is the most significant treatment for new or recurrent metastatic PCa at present. 5 However, with continuous ADT, most hormone-sensitive prostate cancer would transform to castration-resistant prostate cancer in several months. 6 For which few efficacious therapies are currently available. Thus, it is necessary to explore new molecular targets to enhance diagnosis and treatment level of the PCa.
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Serine/threonine protein phosphatase 5 (PPP5C) is a member of the protein serine/threonine phosphatase family that plays an important role in life activities by regulating the phosphorylation of protein serine/threonine residues and activating or inactivating the corresponding substrates. 7 PPP5C was found to be expressed in almost all human tissues and involved in numerous cellular processes. 8 PPP5C could interfere with cell proliferation and differentiation by influencing the activity of the mitogen-activated protein kinase (MAPK) signaling pathway. 9, 10 It was also found associating with the DNA damage repair via interacting with DNA-dependent protein kinase catalytic subunit, ataxia telangiectasia mutated, ATM-and RAD3-related, and p53. [11] [12] [13] [14] Besides, PPP5C could impact the intracellular signaling cascades initiated by hormonal response and cellular stress by regulating several proteins, such as GR, ASK1, and Cdc37. [15] [16] [17] The latest studies have demonstrated that PPP5C plays an important role in the cellular signaling networks.
To date, there were several evidences indicating that PPP5C is correlated with the malignancy. The study by Jeong et al found that the PPP5C was expressed at elevated levels in proliferating cells of the yeast. 18 Several subsequent studies [19] [20] [21] also reported that PPP5C was upregulated in breast cancer, mantle-cell lymphoma and liver cancer tissues, and ascites. Other studies [22] [23] [24] [25] reported that downregulation of PPP5C expression could inhibit malignant cells in human glioma, ovarian cancer, hepatocellular carcinoma, and colorectal cancer. The aforementioned findings suggest that PPP5C may play a role in the development and progression of some cancers. However, the association between PPP5C and PCa remains elusive. In this study, we first performed immunohistochemical detection and bioinformatics analysis of Oncomine database between cancer and normal tissues and found that PPP5C was up-expressed in PCa tissue. Then, we employed lentivirus-mediated shRNA to disrupt the PPP5C expression in PCa cells and found that PPP5C silencing inhibited the proliferation and colony formation abilities of PCa cells, arrested them in G0/G1 phase, and increased their apoptosis. Finally, we discovered by Western blot assay that c-Jun NH2-terminal kinase (JNK) and extracellular signal-regulated protein kinase (ERK)1/2 phosphorylation were augmented following downregulation of PPP5C. These results demonstrate that PPP5C may play an oncogene role in PCa advancement.
Materials and methods immunohistochemistry
Fifty-two pairs of PCa and matched normal prostate tissues were collected from radical prostatectomy specimens at the Department of Urosurgery of Changzheng Hospital (Shanghai, China) between 2012 and 2014. The specimens were formalin fixed, paraffin embedded, sliced into 5-µm thick sections, de-waxed successively from xylene, 100%, 90%, 80%, and 70% ethanol and ddH2O, and incubated overnight with the rabbit anti-PPP5C antibody (#:11715-1-AP, Proteintech, Rosemont, IL, USA) after antigen repair by citrate buffer (0.01M, pH=6.0). On the following day, the tissue sections were interacted with the biotinylated goat anti-rabbit serum and streptavidin-peroxidase conjugate for 15 minutes each at room temperature, stained by diaminobenzidine, and finally, sent to 2 pathologists for judging the positivity and intensity of the PPP5C staining. The staining results were microscopically photographed and assessed as following:
Positivity (A): 0%: 0 score; 0%-20%: 1 score; 20%-60%: 2 score; 60%-100%: 3 score Intensity (B): Light yellow: 0 score; Yellow: 1 score; Brown yellow: 2 score; Reddish brown: 3 score Outcome (A+B): 0 score: negative (−); 1 score: weak (+); 2-4 score: medium (++); 4-6 score: strong (+++) All processes involving human tissues in our study were approved by the ethics committee of the Changzheng Hospital of the Second Military Medical University and written informed consent was obtained from each patient.
Bioinformatic analysis of the OncOMine microarray datasets
A set of public and published microarray data were used to analyze the PPP5C mRNA level between the PCa and normal prostate tissue or other through the Oncomine microarray datasets (www.onocomine.org), using "prostate cancer", "PPP5C", and "mRNA" as terms for searching the objective data. Then, we further selected the microarray datasets that contained the information about the "Cancer vs Normal tissue" or the "distant metastasis vs the primary lesion", and we further extracted the mRNA expression value in each corresponding tissue samples. In this way, we finally acquired several microarray datasets for depth analysis. The 4 datasets, "Wallace Prostate", "Vanaja Prostate", "Welsh Prostate", and "Arredouani Prostate", were used to evaluate the PPP5C mRNA expression between level cancer and normal tissues, using "Yu Prostate", "Holzbeierlein Prostate", "Ramaswamy Prostate", and "Ramaswamy multi-cancer 2 Prostate" for analyzing the PPP5C level between the metastatic and primary PCa tissues.
cell culture
We purchased the human PCa LNCaP, 22RV1, DU145 and PC3 cells, and human embryonic kidney cell line 293T from the cell bank of the Chinese Academy of Science (Shanghai, lentivirus construction siRNA targeting PPP5C (NC_000019.10) and non-silencing siRNA were transformed into shRNA and cloned into pFH-L green fluorescent protein (GFP) vector (Shanghai Hollybio, China) by double digestion with NheI and PacI. The generated plasmid shPPP5C-pFH-L or shCon-pFH-L, together with 2 pHelper plasmids pVSVG-I and pCMV∆R8.92 was transfected into 293 T cells. After 72-hour transfection, the lentivirus (Lv-shPPP5C or Lv-shCon) in the culture medium was collected and purified by ultracentrifugation, and the titer of each lentivirus was determined. The sequences of the shRNA are as follows: 5′-GAGACAGA GAAGATTACAGTACTCGAGTACTGTAATCTTCTC TGTCTCTTTTT-3′ (shPPP5C) and 5′-TTCTCCGAACG TGTCACGTATCTCGAGATACGTGACACGTTCGGA GAATTTTT-3′ (shcon).
cell infection with lentivirus DU145, PC3, or 22RV1 cells at a density of 1 × 10 5 /well were placed in 6-cm dishes for 6 hours. Then, cells in each group were infected with the lentivirus Lv-shPPP5C, lentivirus Lv-shCon, and no lentivirus medium. The multiplicity of infection (MOI) of DU145, PC3, and 22RV1 was 45, 40, and 15, respectively. The virus volume was calculated using the following equation: viral particle = MOI*5 × 10 4 , viral volume = viral particle/TU⋅mL −1 . The infection efficiency was evaluated by the percentage of GFP-positive cells after 3-5 days.
Quantitative real-time polymerase chain reaction (Pcr) DU145, PC3, and 22RV1 cells were collected. Five days after infection with lentivirus, total RNA was extracted by using the Trizol reagent (Thermo Fisher Scientific, Carlsbad, CA, USA) according to the manufacturer's instructions, and the total RNA concentration was tested by using ultraviolet analysis. The purification quality was estimated by the ratio of 260/280. Total RNA (2 µg) was reverse transcribed to cDNA with the M-MLV Reverse Transcriptase (Promega, Madison, WI, USA) and Oligo primer as the standard processes. The resulting cDNA was subjected to qPCR (SYBR™ Green, Bio-Rad Laboratories Inc., Hercules, CA, USA) using CFX Connect™ Real-Time PCR Detection System (Takara, Dalian, China). Primers used in real-time PCR are as follows: PPP5C forward, GGTGAGGTGAAGGCCAAGTA; PPP5C reverse, TGTGGATCTGACCAGAGCAG; β-actin forward, GTGGACATCCGCAAAGAC; β-actin reverse, AAAGGGTGTAACGCAACTA.
sodium dodecyl sulfate polyacrylamide gel electrophoresis (sDs-Page) and Western blot assay
The SDS-PAGE was confected by H 2 O, 30% PAGE, 1.0 mol/L Tris (pH 6.8) or 1.5 mol/L Tris (pH 8.8), 10% SDS, 10% ammonium persulfate, and TEMED as the standard processes. In this way, 10% separation and 5% concentrated gels were acquired for next electrophoresis. Cells for Western blot assay were collected and lysed in the ice-cold lysate (100 mM Tris-HCl, pH 6.8, 10 mM EDTA, 4% SDS, and 10% Glycine). Then, the protein of varying molecular weight was separated via electrophoresis on the SDS-PAGE after centrifugation and protein quantification of the lysate. Next, the protein on the SDS-PAGE was transferred into the polyvinylidene difluoride (PVDF) membranes for 60-120 minutes. Following, the PVDF membranes were blocked in the 40-50 mL tris-buffered saline with Tween 20 (TBST) with 5% milk for 1 hour and incubated with the following primary antibodies overnight at 4°C: glyceraldehyde-3-phosphate dehydrogenase (#:10494-1-AP, Proteintech); PPP5C (#:11715-1-AP, Proteintech), JNK (#:9252, Cell Signaling, Beverly, MA, USA), P-JNK (#:4668, Cell Signaling), P38 (#:14064-1-AP, Proteintech), P-P38 (#:11581, Cell Signaling), ERK1/2 (#:11257-1-AP, Proteintech), and P-ERK1/2 (#:4370, Cell Signaling). Afterward, the PVDF membranes were washed 3 times in the TBST and incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG (#:Sc-2054, Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 1-2 hour at the room temperature. Finally, the PVDF membranes were imaged by the enhanced chemiluminescence plus TM Western blotting system kit.
cell proliferation assay (5 mg/mL) for 4 hours and acidic isopropanol (10% SDS, 5% isopropanol, and 0.01 mol/L HCl) for 12 hours at 37°C at the same time every 5 days. On the following day, the absorbance of each well was determined at 570 nm.
Plate colony formation assay
After lentivirus infection, DU145, PC3, and 22RV1 cells at a density of 6 × 10 2 /well in the logarithmic growth phase were trypsinized, resuspended, and plated in 6-well plates, with the culture medium replaced every 3 days during cell clonal growth at 37°C with 5% CO 2 . After culture for 9-12 days, cells were fixed in 4% paraformaldehyde and stained with purple crystals. Then, the number of colonies in the 6-well plate were counted under a microscope and photographed with a digital camera.
cell cycle analysis
After stable transduction with the lentivirus, each group of DU145, PC3, and 22RV1 cells was cultured in 6-cm plates for 3 days, washed with PBS, fixed in 75% ethanol at 4°C overnight, washed again, and stained with 20 mg/mL propidium iodide (PI; Sigma). The DNA content was recorded by a flow cytometer (BD Biosciences, Bedford, MA, USA). Every experiment was completed in triplicate.
cell apoptosis analysis 
statistical analysis
All the experiments were repeated for at least 3 times. The value was presented as mean ± SD. The Wilcoxon signedrank test was used to analyze the PPP5C level of the Immunohistochemistry score and microarray datasets. Statistical comparisons between the Lv-shCon and Lv-shPPP5C of the biological experiments were performed using Student's t-test. The SPSS version 20 (IBM Corporation, Armonk, NY, USA) was used to calculate the statistics, and P-values,0.05 were considered statistically significant.
Results
PPP5c is overexpressed in Pca tissue
The PCa and the corresponding adjacent tissues were obtained from the patients for immunohistochemical analysis of the PPP5C protein level. As shown in Figure 1A , PPP5C staining of the PCa tissue was deeper and wider than that of the adjacent tissue. The negative, weakly positive, positive, and strongly positive rates in PCa group were 25%, 11.5%, 50%, and 13.5%, respectively vs 50%, 30.8%, 19.2%, and 0% in adjacent group ( Table 1 ), indicating that PPP5C protein level was highly expressed in PCa tissue compared with the adjacent normal tissue (P,0.001). Subsequently, differences in PPP5C expression between PCa and normal prostate tissues were further validated by public online ONCOMINE microarray database, showing that the PPP5C mRNA level in PCa tissue was overexpressed in multiple databases vs the normal tissue ( Figure 1B ). Further analysis revealed that the PPP5C expression was even higher in the metastatic tissue than that in the primary PCa tissue ( Figure 1C ).
The expression level and lentivirusmediated interference of PPP5c in Pca cell lines
To explore the role of PPP5C, the baseline expression level of PPP5C in PCa cell lines was first examined. qPCR and Western blot assay results showed that PPP5C was highly expressed in common PCa cell lines LNCap, 22RV1, PC3, and DU145, and the expression level of PPP5C in DU145, PC3, and 22RV1 cells were more highly expressed than that in LNCap cells (Figure 2A and B) . Thus, DU145, PC3, and 22RV1 were chosen for founding the PPP5C down-expressed PCa cell line model in lentivirus-mediated transduction. As shown in Figure 2C , the transfection efficiency of the LVshPPP5C lentivirus to PCa DU145, PC3, and 22RV1 cells was over 90% via the GFP-expression analysis of the fluorescence microscope. The results of qPCR and Western blot assays showed that the mRNA and protein levels of PPP5C were fully knocked down in Lv-shPPP5C-infected DU145, PC3, and 22RV1 cell lines 3-5-days post-transduction ( Figure 2D and E), indicating that the PPP5C low-expression PCa cell lines were successfully established by lentivirus-mediated RNAi.
Knockdown of the PPP5c expression inhibits the proliferation and colony ability of DU145, Pc3, and 22rV1 cells MTT assay was performed to evaluate the impact of PPP5C on the proliferation ability of PCa cells. As shown in Figure 3A , the growth curves in PPP5C knockdown groups OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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PPP5c as an oncogene in Pca of DU145, PC3, and 22RV1 cells were remarkably flatter in a time-dependent manner. The plate colony formation assay was used to examine the colony formation ability of the cells. It was found that the size and quantity of colony formation were reduced markedly in LV-shPPP5C transduction group ( Figure 3B and C) , indicating that PPP5C played an important role in the growth and colony formation of PCa cells. 
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Disruption of the PPP5c level induces g0/g1 arrest in Pca cells
Knowing that abnormal cell cycle is a significant characteristic during carcinogenesis, flow cytometry was performed to analyze the transform of each cell cycle phase via PI staining. As shown in Figure 4A , DU145, PC3, and 22RV1 cells underwent significant difference changes in cell cycle between Lv-shPPP5C and Lv-shCon groups. Further statistical analysis showed that PPP5C knockdown increased the number of cells arrested in G0/G1 phase, and the number of cells in S and G2/M phase decreased in varying degrees ( Figure 4B ), indicating that disruption of the PPP5C
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PPP5c as an oncogene in Pca expression would result in G0/G1 arrest in PCa DU145, PC3, and 22RV1 cells.
Downregulation of the PPP5c expression increases apoptosis of Pca cells
Knowing that abnormal apoptosis is the most important biological characteristic of malignant cells, flow cytometry and annexin V/PI staining were performed to detect apoptosis to further evaluate the impact of PPP5C on PCa cells. As shown in Figure 5A , the number of early apoptotic cells (annexin V+/PI−) and late apoptotic cells (annexin V+/PI+) were slightly elevated in PPP5C knockdown group of PCa DU145, PC3, and 22RV1 cells. Then, we performed statistical analysis of the proportion Figure 5 apoptotic cells are increased after PPP5c silencing. Notes: (A) Apoptosis of DU145, PC3, and 22RV1 is analyzed in Con, LV-shCon, and LV-shPPP5C groups using flow cytometry and annexin V/PI staining. (B) early apoptosis (V+/Pi−) and late apoptosis (V+/Pi+) of the DU145, Pc3, and 22rV1 cells are statistically analyzed (*P,0.05, ***P,0.001). con: no lentivirus-mediated shrna; lv-shcon: lentivirus-mediated non-silencing shrna; lv-shPPP5c: lentivirus-mediated non-silencing shPPP5c. Abbreviations: Pi, propidium iodide; PPP5c, serine/threonine protein phosphatase 5. 
PPP5c knockdown augments phosphorylation of JnK and erK1/2 in Pca cells
To explore the underlying mechanism of PPP5C in regulating the biological characteristics of the PCa cells, Western blot was performed to detect changes in protein expression. As shown in Figure 6A , the phosphorylation level of JNK and ERK1/2 was markedly increased with invariable non-phosphorylation. At the same time, the P38 protein level was always consistent with phosphorylation or non-phosphorylation after PPP5C knockdown.
Discussion
Reversible phosphorylation of protein is an important regulatory mechanism in life by changing the substrate activity through phosphorylation and dephosphorylation of protein for regulating the physiological function and pathological changes of cells. It has been demonstrated to play important roles in various physiological activities, such as cell growth, senescence, and apoptosis by influencing numerous signaling networks. 26 PPP5C is one of the most common molecules in the phosphoprotein phosphatase (PPP) family of Ser/Thr phosphatases. Previous studies have demonstrated that PPP5C plays numerous physiological functions in life. It was found in our study that PPP5C worked as an oncogene in PCa, though the underlying mechanism needs to be further explored.
The MAPK is one of the most important regulators of cellular physiopathological activities, especially in cell growth and survival both in normal and cancer cells. 27, 28 There are mainly 3 groups of MAPKs in mammalian species: JNK, ERK1/2, and p38 MAP kinase (P38).
Knowing that PPP5C has certain relevance with MAPK pathways via ERK1/2, JNK, and P38, [29] [30] [31] we detected ERK, JNK, and P38 levels after PPP5C downregulation and found that the phosphorylation of ERK1/2 and JNK was significantly increased with the non-phosphorylation was fixed (Figures 6 and 7) . But whether the phosphorylation or the non-phosphorylation level of the P38 molecule was immovable when the PPP5C changed. These results suggest that PPP5C promoted cell proliferation and survival, probably by regulating the phosphorylation of JNK and ERK1/2 in human PCa. JNK is reported to suppress carcinogenesis by regulating the pro-apoptotic activity. Several studies demonstrated that JNK activation participated in initiating apoptosis of many types of cancer cells, including gastric, lung, and breast cancer cells via different stimulation.
32-34
Figure 6
Protein level transformation is analyzed by Western blot. Notes: The phosphorylation level of JnK and erK1/2 had increased and the non-phosphorylation was invariable in PPP5c downregulation group. The P38 protein level is always consistent with phosphorylation or non-phosphorylation after PPP5c knockdown in the 3 groups, using gaPDh as the loading control. con: no lentivirus-mediated shrna; lv-shcon: lentivirus-mediated non-silencing shrna; lv-shPPP5c: lentivirus-mediated non-silencing shPPP5c. Abbreviations: erK, extracellular signal-regulated protein kinase; gaPDh, glyceraldehyde-3-phosphate dehydrogenase; JnK, c-Jun nh2-terminal kinase; PPP5c, serine/ threonine protein phosphatase 5.
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We therefore infer that regulation of JNK phosphorylation is a potential mechanism underlying the oncogene role of PPP5C. ERK1/2 pathway is one of the vital parts of the MAPK pathways. Study 35 showed that aberrant ERK1/2 activation was implicated in one-third of all human cancers. Many researchers 36, 37 considered that the activation of ERK phosphorylation could lead to DNA damage in cells, leading to cell cycle arrest and apoptosis. However, some other researchers 38, 39 argued that increased activation of ERK could resist the apoptosis induced by endoplasmic reticulum stress and therefore, was beneficial to cell survival, which is similar to the finding in the present study. We consider that increased ERK1/2 phosphorylation is likely the reason leading to cell growth inhibition, cell cycle arrest, and increased apoptosis after PPP5C knockdown. Nevertheless, we had demonstrated the biological function of PPP5C and the JNK and ERK1/2 transformation in PCa cells, the exact molecular mechanism and accurate modulatory relation of JNK and ERK1/2 between the PPP5C abnormality and the tumor biological function need to be further explored.
In summary, we demonstrated that PPP5C played a vital role in viability, proliferation, and apoptosis a of PCa cells, possibly by regulating JNK and ERK1/2 phosphorylation. PPP5C will likely to become a new potential therapeutic target for the treatment of PCa.
Conclusion
By using immunohistochemistry and ONCOMINE datasets analysis, we discovered that PPP5C was high-expression in PCa. Then, we successfully proved that knockdown of the PPP5C can disturb the cell proliferation, colony formation, and induce the cell apoptosis as well as G0/G1 arrest. Besides, we found that it can regulate the JNK and ERK1/2 phosphorylation of the PCa cell by Western blot assay. Our study indicated that the PPP5C may become a new potential diagnostic biomarker and therapeutic target for the PCa. 
